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(54) Method and apparatus for purging turbine wheel cavities 



(57) A turbine rotor (40) for a gas turbine engine (10) 
includes a rotor disk (42) having a plurality of circumfer- 
entially alternating dovetail slots (62) and disk posts (64) 
and a plurality of blades (44) disposed in the dovetail 
slots (62). A cooling air plenum (84) is defined in the 



portion of each dovetail slot located radially inward of 
the corresponding blade (44). Air from the plenums (84) 
is directed through slots (88) formed In axial surfaces of 
the blades (44) or disk posts (64) into an adjacent wheel 
cavity (52), thereby purging the wheel cavity (52). 
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Description 

[0001] This invention relates generally to gas turbine 
engines and more particularly to purging forward or aft 
wheel cavities in the turbine sections of such engines. 5 
[0002] A high bypass ratio turbofan engine used for 
powering an aircraft in flight typically includes a fan, a 
low pressure compressor or booster, a high pressure 
compressor, a combustor, a high pressure turbine and 
a low pressure turbine in axial flow relationship. A por- w 
tion of the air entering the engine passes through the 
fan, booster and high pressure compressor, being pres- 
surized in succession by each component. The com- 
pressed air exiting the high pressure compressor, com- 
monly referred to as the primary or core gas stream, J 5 
then enters the combustor where the pressurized air is 
mixed with fuel and burned to provide a high energy gas 
stream. However, prior to entering the combustor a por- 
tion of the primary or core flow is diverted to provide a 
source of cooling air for various high temperature com- 20 
ponents, such as those found in the high pressure tur- 
bine. After exiting the combustor, the high energy gas 
stream then expands through the high pressure turbine 
where energy is extracted to operate the high pressure 
compressor, which is drivingly connected to the high 25 
pressure turbine. The primary gas stream then enters 
the low pressure turbine where it is further expanded, 
with energy extracted to operate the fan and booster, 
which are drivingly connected to the low pressure tur- 
bine. The remainder of the air flow (other than the pri- 
mary flow) that enters the engine passes through the 
fan and exits the engine through a system comprising 
annular ducts and a discharge nozzle, thereby creating 
a large portion of the engine thrust. 
[0003] The high pressure turbine typically includes 
one or two stages, while the low pressure turbine ordi- 
narily has a larger number of stages. Each stage gen- 
erally Includes a rotor and a stator. The rotor comprises 
a rotor disk that rotates about the centerline axis of the 
engine and supports a plurality of blades that extend ra- 40 
dially into the primary gas stream. The stator includes a 
row of stationary nozzles that direct the primary gas 
stream in such a manner that the rotor blades can do 
work. In a multi-stage turbine, the blades of one stage 
are located immediately downstream from the nozzles 
of that stage, and the nozzles of the next stage are lo- 
cated immediately downstream from the prior stage's 
blades. However, counterrotating engines (i.e., engines 
in which the high pressure turbine and the low pressure 
turbine rotate in opposite directions) typically do not 
have a stage of nozzles located between the last stage 
high pressure rotorand the first stage low pressure rotor. 
[0004] Rotating labyrinth seals are commonly used in 
the high and low pressure turbines for sealing the 
above-mentioned cooling air from the primary gas ''•'» 
stream. A rotating labyrinth seal is made up of a number 
of thin, tooth-like projections extending radially from a 
rotating engine part with their free ends disposed in seal- 
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ing engagement with a stationary engine part or an en- 
gine part that is rotating in the opposite direction. How- 
ever, because the unsealed spaces fore and aft of the 
rotor disks, commonly referred to as the wheel cavities, 
are in fluid communication with the primary gas stream, 
a flow of cooling air Into the cavities is necessary to 
purge the cavities and prevent hot gas ingestion. A fail- 
ure to maintain adequate purge flow can lead to signif- 
icantly reduced part life of adjacent components. 
[0005] Conventional engines rely on leakage through 
the labyrinth seals and the use of air holes in adjoining 
engine parts to supply purge air to the wheel cavities. 
However, the stress concentrations associated with the 
air holes create the potential for cracking and premature 
failure of rotating engine parts. Also, the machining nec- 
essary to form the air holes will incrementally increase 
the cost of manufacturing the parts. 
[0006] Accordingly, there is a need for a means of 
properly purging the wheel cavities of a turbine section 
without the use of air holes. 

[0007] The above-mentioned need is met by the 
present invention which provides a turbine rotor having 
a wheel cavity located adjacent thereto. The turbine ro- 
tor includes a rotor disk having at least one disk slot 
formed therein and a blade disposed in the disk slot. The 
disk slot and the blade define a cooling air plenum, and 
a means for directing air from the plenum to the wheel 
cavity is provided. Preferably, the means for directing 
air to the wheel cavity is a slot formed in a forward or aft 
surface of the blade or disk. 

[0008] The present invention and its advantages over 
the prior art will become apparent upon reading the fol- 
lowing detailed description and the appended claims 
with reference to the accompanying drawings, in which: 
[0009] Figure 1 is a fragmentary axial cross-sectional 
view of a gas turbine engine having the wheel cavity 
purging system of the present invention. 
[0010] Figure 2 is a detailed cross-sectional view of 
the low pressure turbine of the gas turbine engine of Fig- 
ure 1. 

[0011] Figure 3 is a fragmentary forward-look I ng-aft 
end view of the low pressure turbine. 
[0012] Figure 4 is a fragmentary forward-looki ng-aft 
end view of a low pressure turbine showing an alterna- 
tive embodiment of a wheel cavity purging system. 
[0013] Figure 5 is a detailed cross-sectional view of a 
low pressure turbine showing another alternative em- 
bodiment of a wheel cavity purging system. 
[0014] Referring to the drawings wherein identical ref- 
erence numerals denote the same elements throughout 
the various views, Figure 1 shows a portion of a gas tur- 
bine engine 10 including a combustor 12. a high pres- 
sure turbine 14 and a counterrotating low pressure tur- 
bine 16 arranged in axial flow relationship along a lon- 
gitudinal centerline axis 17. The high pressure turbine 
14 is drivingly connected to a conventional high pres- 
sure compressor (not shown) and the low pressure tur- 
bine 1 6 is drivingly connected to a conventional booster 
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and fan (nol shown). While a counterrotating engine is 
being used as an example to facilitate disclosure of the 
inventive concept of the present Invention, it should be 
recognized that the present invention is applicable to 
any sort of gas turbine engine having wheel cavities that 5 
require purging. 

[0015] The high pressure turbine 14 is a single stage 
turbine having a stator 18 including a plurality of nozzles 
20 (only one shown in Figure 1) and a rotor 22 located 
aft of the stator 1 8. The rotor 22 includes a rotor disk 24 to 
that rotates about the centerline axis 17, a plurality of 
turbine blades 26 (only one shown in Figure 1) extend- 
ing radially outward from the disk 24, a forward retainer 
28, and an aft retainer 30. The forward retainer 28 is a 
substantially annular member that is attached to the ro- 15 
tor disk 24 in a known manner so as to prevent the 
blades 26 from moving in an axially forward direction. 
Similarly, the aft retainer 30 is an annular member that 
prevents the blades 26 from moving In an axially aft di- 
rection. A rotating labyrinth seal 32 is disposed between 20 
the forward retainer 28 and the stationary support struc- 
ture 34 of the high pressure stator 18 to prevent the un- 
desired flow of cooling air bled off from a source such 
as the engine's high pressure compressor into a wheel 
cavity 36, which is located between the rotor 22 and the 25 
stator 18 and is in fluid communication with the primary 
gas stream. The forward retainer 28 and the rotor disk 
24 define a plenum 38 into which cooling air is directed. 
This cooling air is used for both a subsequently de- 
scribed purpose as well as for cooling the blades 26 In 30 
a conventional manner. 

[0016] The low pressure turbine 16 is a multi-stage 
turbine including a first stage that comprises a rotor 40, 
which is located immediately aft of the high pressure ro- 
tor 22 and rotates in the opposite direction thereof. The #» 
low pressure rotor 40 includes a rotor disk 42 that rotates 
about the centerline axis 1 7, a plurality of turbine blades 
44 (only one shown In Figure 1) extending radially out- 
ward from the disk 42, a forward retainer 46, and an aft 
retainer 48. The forward retainer 46 is an annular mem- *o 
ber that is attached to the rotor disk 42 in a known man- 
ner so as to prevent the blades 44 from moving in an 
axially forward direction. Similarly, the aft retainer 48 is 
an annular member that prevents the blades 44 from 
moving in an axially aft direction. A rotating labyrinth 
seal 50 is disposed between the forward retainer 46 and 
the oppositely rotating high pressure rotor 22 to prevent 
the undesired flow of cooling air into a wheel cavity 52, 
which is located between the high pressure rotor 22 and 
the first stage low pressure rotor 40 and is in fluid com- i>0 
munlcatbn with the primary gas stream. The forward re- 
tainer 46 and rotordisk 42 define a plenum 64 into which 
the cooling air is directed. This cooling air is used for 
both a subsequently described purpose as well as for 
cooling the blades 44 in a conventional manner. The low •*'•» 
pressure turbine 1 6 further includes subsequent stages, 
each having a stator 66 including a plurality of nozzles 
58 (only one shown in Figure 1 ) and a rotor 60 located 
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aft of the stator 66 and drivingly connected to the first 
stnge low pressure rotor 40. 

[0017] Turning now to Figures 2 and 3, the wheel cav- 
ity purging arrangement of the present invention is 
shown in detail with respect to the first stage low pres- 
sure rotor 40. However, it should be recognized that the 
present invention is equally applicable to other parts of 
the engine 10, such as the high pressure rotor 22. As 
described above, the bw pressure rotor 40 includes a 
rotor disk 42 having a plurality of turbine blades 44 ex- 
tending radially outward therefrom. The rotor disk 42 
has a plurality of drcumferentiaHy alternating dovetail 
slots 62 and posts 64, with each slot 62 defined by ad- 
jacent posts 64, disposed about its periphery 66. Each 
disk dovetail slot 62 receives a corresponding dovetail 
portion 68 of one of the blades 44. The disk slots 62 and 
the dovetail portions 68 are shown to have the so-called 
fir tree shape although other forms of blade-to-disk in- 
terlocking, which are known in the art, may be utilized. 
The blades 44 are axially loaded into the axially extend- 
ing disk slots 62. Due to the complementary interlocking 
configurations of the disk slots 62 and the dovetail por- 
tions 68, the blades 44 are radially retained in the rotor 
disk 42. In addition to the dovetail portion 68, each blade 
44 includes a shank portbn 70 extending radially out- 
ward from the dovetail portion 68. a plate-like platform 
72 attached to the outer end of the shank portion 70, 
and an airfoil portion 74 extending radially outward from 
the platform 72 and into the primary gas stream. The 
blade platforms 72 of adjacent blades 44 abut one an- 
other to form a radially inner boundary of the primary 
gas stream. 

[0018] The forward retainer 48 has a radially extend- 
ing annular flange 76 formed thereon for engaging a ra- 
dially extending shoulder 78 formed on the forward sur- 
face of the rotor disk 40. Engagement of the flange 76 
with the shoulder 78 secures the forward retainer 46 rel- 
ative to the disk 40. The outer edge 80 of the forward 
retainer 46 abuts the forward surface of each blade 
dovetail portbn 68 and disk post 64 so that the blades 
44 are prevented from moving in an axially forward di- 
rection. The rotor disk 40 is provided with a cut back 
portbn 82, aft of the shoulder 78, that intersects the bot- 
toms of the disk slots 62, thereby providing fluid com- 
municatbn between the plenum 54 and each of a plu- 
rality of axially extending plenums 84 defined by the bot- 
toms of the disk slots 62 and the radially inner surface 
86 of the blade dovetail portions 68. 
[0019] Each blade 44 has a substantially radially ex- 
tending purge slot 88 formed in the forward surface 
thereof, with the purge slots 88 facing the forward re- 
tainer 46. Specifically, each purge slot 88 is formed in 
the forward surface of the dovetail portion 68 and the 
shank portion 70 of the corresponding blade 44. A first 
end of each purge slot 88 is located at the radially inner 
surface 86 of the dovetail portion 68 (or at least at a point 
radially inward of the outer edge 80 of the forward re- 
tainer 46) and is in fluid communication with a corre- 
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spending one of the plenums 84. The second end of 
each purge slot 88 is located at a point on the forward 
surface of the shank portion 70 that is radially outward 
of the outer edge 80 and in fluid communication with the 
wheel cavity 52 located between the high pressure rotor 
22 and the first stage low pressure rotor 40. Accordingly, 
the purge slots 88 radially traverse the outer edge 80 of 
the forward retainer46and provide fluid communication 
between the plenums 84 and the wheel cavity 52. 
[0020] During operation of the engine 10, cooling air 
is routed to the plenum 54 in a conventional manner 
from a source that may include but is not limited to the 
high pressure compressor of the engine 10. From the 
plenum 54, cooling airflows radially outward into the ax- 
ially extending plenums 84. As is known in the art, a por- 
tion of the cooling air entering each plenum 84 is direct- 
ed into internal cooling passages (not shown) of the cor- 
responding blade 44 for cooling the blade 44. Another 
portion of the cooling air flows through the correspond- 
ing purge slot 88 into the wheel cavity 52. Because the 
cooling air is at a higher pressure than the primary gas 
stream at this point, K flows out of the wheel cavity 52 
into the primary gas stream. Thus, the flow of air through 
the purge slots 88 will combine with any leakage past 
the labyrinth seal 50 to purge the wheel cavity 52 and 
prevent hot gas ingestion. 

[0021] The total amount of flow through all of the 
purge slots 88 should be sufficient to adequately purge 
the wheel cavity 52, but not greater than necessary, 
since excessive purge flow would be detrimental to 
overall engine performance. Thus, the purge slots 88 
are sized so as to assure a proper level of purge flow. 
Typically, the purge slots 88 will have a depth of approx- 
imately 50-100 mils. Preferably, but not necessarily, the 
purge slots 88 are formed as a part of the blade casting 
so as to avoid additional machining operations. 
[0022] It should be noted that it is not necessary for 
each blade 44 to be provided with a purge slot 88. For 
example, every other blade 44 could be s totted as long 
as the purge slots 88 were sized to provide sufficient 
purge flow to the wheel cavity. However, by providing 
each blade 44 with a purge slot 88, only one blade con- 
figuration (i.e., slotted) is required to complete the rotor 
40. 

[0023] As seen in Figure 3, the purge slots 88 are pref- 
erably disposed at an angle to a radius drawn from the 
engine centeriine axis 1 7. By angling the purge slots 88 
circumferentially in the direction of rotation of the rotor 
40, cooling air exiting the purge slots 88 will be provided 
with a swirl that reduces the windage heat pickup In the 
wheel cavity 52 and will be forced back toward the high 
pressure rotor 22. 

[0024] Referring to Figure 4, an alternative embodi- 
ment of the present invention is shown. In this case, in- 
stead of slots formed in the blades 44, each disk post 
64 has a substantially radially extending purge slot 188 
formed in the forward surface thereof and facing the for- 
ward retainer 46. A first end of each purge slot 188 is 



38 963 A2 6 

located at a point radially inward of the outer edge 80 of 
the forward retainer 46 and adjacent to the adjoining 
disk slot 62 so as to be in fluid communication with a 
corresponding one of the plenums 84. The second end 

5 of each purge slot 1 88 is located radially outward of the 
outer edge 80 (preferably at the disk periphery 66) and 
in fluid communication with the wheel cavity 52. Accord- 
ingly, the purge slots 1 88 radially traverse the outer edge 
80 of the forward retainer 46 and provide fluid commu- 

10 nication between the plenums 84 and the wheel cavity 
52. As in the first embodiment, the purge slots 188 are 
preferably angled circumferentially in the direction of ro- 
tor rotation. During engine operation, cooling air from 
the plenum 54 is directed into the plenums 84, and a 

15 portion of this air flows through the purge slots 1 88 into 
the wheel cavity 52 where it combines with any leakage 
past the labyrinth seal 50 to purge the wheel cavity 52 
and prevent hot gas ingestion. 

[0025] Turning to. Figure 5 t another alternative em- 

20 bodiment of the present invention is shown. Here, each 
blade 44 has a substantially radially extending purge 
slot 288 formed in the aft surface thereof, with the purge 
slots '288 facing the aft retainer 48. Specifically, each 
purge slot 288 is formed in the aft surface of the dovetail 

25 portion 68 and the shank portion 70 of the corresponding 
blade 44. A first end of each purge slot 288 is located at 
a point radially inward of the outer edge 81 of the aft 
retainer 48 and is in fluid communication with a corre- 
sponding one of the plenums 84 via an annular gap 90 

30 formed between the aft retainer 48 and the rotor disk 42. 
The second end of each purge slot 288 is located at a 
point on the aft surface of the shank portion 70 that is 
radially outward of the outer edge 81 and in fluid com- 
munication with a wheel cavity 92 located between the 
first stage low pressure rotor 40 and the low pressure 
stator 56. Accordingly, the purge slots 288 radially 
traverse the outer edge 81 of the aft retainer 48 and pro- 
vide fluid communication between the plenums 84 and 
the wheel cavity 92. As in the prior embodiments, the 

40 purge slots 288 are preferably angled circumferentially 
In the direction of rotor rotation. During engine opera- 
tion, cooling air from the plenum 54 is directed into the 
plenums 84, and a portion of this air flows through the 
gap 90 and the purge slots 288 into the wheel cavity 92 
where it combines with any seal leakage to purge the 
wheel cavity 92 and prevent hot gas ingestion. Alterna- 
tively, the purge slots 288 could be formed in the aft sur- 
faces of the disk posts 64 instead of the blades 44. 
[0026] While various embodiments of the present in- 

ho vention have been described in which purge slots are 
provided In axial surfaces of the blades or the disk posts, 
it should be noted that purge slots could alternatively be 
formed in the outer edge of the forward or aft retainers. 
Furthermore, while the present invention has been fully 

hi, described in connection with the first stage low pressure 
turbine rotor 40, it should be understood that the present 
invention is equally applicable to other turbine rotors 
such as the high pressure rotor 22. In the high pressure 
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rotor 22, purge slots would be formed in the forward sur- 
faces of the b I tides 26 or the disk posts of rotor disk 24 
so that cooling air from the plenum 38 could be directed 
to the wheel cavity 36 located between the high pres- 
sure rotor 22 and the high pressure stator 18 in a manner g 
similar to that described above. Alternatively, purge 
slots could be formed in the aft surfaces of the blades 
26 or the disk posts of rotor disk 24 so that cooling air 
from the plenum 38 could be directed past the aft retain- 
er 30 and into the wheel cavity 52 located between the 10 
high pressure rotor 22 and the low pressure rotor 40. 
[0027] The foregoing has described a turbine rotor 
that provides a flow of cooling air for adequately purging 
adjacent wheel cavities. 

75 

Claims 

1. A turbine rotor (40) having a wheel cavity (52) lo- 
cated adjacent thereto, said turbine rotor (40) com- 20 
prising: 

a rotor disk (42) having at least one disk slot 
(62) formed therein; a blade (44) disposed in 
said disk slot (62), wherein a plenum (84) is de- 25 
fined by said disk slot (62) and said blade (44): 
and 

means (88) for directing air from said plenum 
(84) to said wheel cavity (52). 

2. The turbine rotor (40) of claim 1 wherein said means 
(88) for directing air comprises a purge slot (88) 
formed in a forward surface of said blade (44). 

3. The turbine rotor (40) of claim 1 wherein said means 
(88) for directing air comprises a purge slot (288) 
formed in an aft surface of said blade (44). 

4. The turbine rotor (40) of claim 1 wherein said means 
(88) for directing air comprises a purge slot (188) 40 
formed in a forward surface of said disk (42). 

5. The turbine rotor (40) of claim 1 wherein said means 
(88) for directing air comprises a purge slot (288) 
formed in an aft surface of said disk (42). 

6. The turbine rotor (40) of any one of claims 2 to 5 
further comprising a retainer (48) attached to said 
disk (42) and having an outer edge (81) in contact 
with said surface of said blade (44) or said disk (42) ^ 
in which said purge slot (88,288,188) is formed, 
wherein said purge slot radially traverses said outer 
edge (81) of said retainer (48). 

7. A turbine rotor (40) having a wheel cavity (52) lo- u> 
cated adjacent thereto, said turbine rotor (40) com- 
prising: 



8 

a rotordisk (42) rotatable about a centerline ax- 
is (1 7) and having a plurality of circumferentially 
alternating dovetail slots (62) and disk posts 
(64) disposed about its periphery; 
a plurality of blades (44), each one of said 
blades (44) having a dovetail portion (68) dis- 
posed in a corresponding one of said dovetail 
slots (62) and a shank portion (70) extending 
from said dovetail portion (68); 
a plurality of axially extending plenums (84) de- 
fined by said dovetail slots (62) and said dove- 
tail portions (88), wherein said axially extending 
plenums (84) receive cooling air during opera- 
tion of the engine; 

a retainer (46) attached to said rotor disk (42) 
and having an outer edge (80) in contact with 
said blades (44) and said disk posts (64); and 
means (88) for directing air from said plurality 
of axially extending plenums (84) to said wheel 
cavity (52). 

8. The turbine rotor (40) of claim 7 wherein said means 
(88) for directing air comprises a purge slot (88) 
formed in a forward surface of each one of said 
blades (44) and facing said retainer (46), wherein 
each one of said purge slots (88) radially traverses 
said outer edge (80) of said retainer (46). 

9. The turbine rotor (40) of claim 7 wherein said means 
(88) for directing air comprises a purge sJot (288) 
formed in an aft surface of each one of said blades 
(44) and facing said retainer (48). wherein each one 
of said purge slots (288) radially traverses said out- 
er edge (81 ) of said retainer (48). 

1 0. The turbine rotor (40) of claim 7 wherein said means 
(88) for directing air comprises a purge slot (188) 
formed in a forward surface of each one of said disk 
posts (64) and facing said retainer (46). wherein 
each one of said purge slots (188) radially traverses 
said outer edge (80) of said retainer (46). 

11. The turbine rotor (40) of claim 7 wherein said means 
(88) for directing air comprises a purge slot (288) 
formed in an aft surface of each one of said disk 
posts (64) and facing said retainer (48), wherein 
each one of said purge slots (288) radially traverses 
said outer edge (81) of said retainer (48). 

12. The turbine rotor (40) of any one of claims 8 to 11 
wherein each one of said purge slots (88,188,288) 
is disposed at an angle to a radius drawn from said 
centerline axis (17). 
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FIG. 2 
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FIG. 5 
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